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Introduction
6HDVRQDO PDVV LQYDVLRQ RI KXJH DJJUHJDWLRQV RI D
OLWWHU GZHOOLQJ EHHWOH Luprops tristis )DEULFLXV
 &ROHRSWHUD 7HQHEULRQLGDH /XSURSLQL
ORFDOO\ FDOOHG DV µMupli beetle¶ QXPEHULQJ ca
± PLOOLRQ RQ UHVLGHQWLDO EXLOGLQJV IROORZLQJ
VXPPHU VKRZHUV LV D UHJXODU HYHQW LQ WKH UXEEHU
WUDFWV DORQJ WKH ZHVWHUQ VORSHV RI 6RXWKHUQ
:HVWHUQ *KDWV &RQWLQXHG SUHVHQFH RI FOXVWHUV RI
WKRXVDQGV RI QRFWXUQDOO\ DFWLYH EHHWOHV FUDZOLQJ
LQVLGH WKH KRXVH LV D IUXVWUDWLQJ QXLVDQFH RI
XQLPDJLQDEOH PDJQLWXGH )LJXUH  7KRXJK WKH
EHHWOHV GR QRW VWLQJ RU ELWH ZKHQ GLVWXUEHG E\
SLFNLQJ WKHP RII WKH ZDOOV RU ZKHQ WKH\ DUH
VTXDVKHG RU SUHVVHG DIWHU IDOOLQJ IURP WKH FHLOLQJ
WKH\ UHOHDVH DQ LUULWDWLQJ RGRULIHURXV SKHQROLF
VHFUHWLRQ OHDGLQJ WR EOLVWHUV 7KH DPD]LQJO\
V\QFKURQRXV PDVV LQYDVLRQ DEXQGDQFH DQG
VHOHFWLRQ RI VSHFLILF EXLOGLQJV DV VKHOWHU WKDW KDV
EHHQ REVHUYHG IRU PRUH WKDQ  \HDUV UHPDLQV D
FXULRXV HFRORJLFDO SKHQRPHQRQ WR ELRORJLVWV DQG
RQH RI JUHDW DJRQ\ DQG FRQFHUQ WR WKH DIIHFWHG
SHRSOH LQ UXEEHU SODQWDWLRQ EHOWV 'HVSLWH WKUHH
GHFDGHV RI WKHLU ZLGHVSUHDG SUHVHQFH LQ WKH
UHJLRQ HIILFLHQW VWUDWHJLHV IRU FRQWUROOLQJ WKH
SRSXODWLRQ EXLOG XS RI L. tristis KDYH QRW EHHQ
GHYHORSHG 7KHUH LV D FULWLFDO QHHG WR GHYHORS
PHWKRGVRI L. tristis EHHWOHVXSSUHVVLRQ
5HFHQW VWXGLHV RI WKH ELRORJ\ DQG GRUPDQW SHULRG
RI L. tristis 6DEX HW DO  LQGLFDWHG WKDW
IXUWKHU VWXGLHV E\ PDLQWDLQLQJ ODE FXOWXUHV DUH
HVVHQWLDO WR  DQDO\]H KRZ YDULDWLRQ LQ DJH DIIHFWV
WKH IHFXQGLW\ DQG ILWQHVV RI EHHWOHV DIWHU
GRUPDQF\  GHWHUPLQH WKH RSWLPXP DQG
PLQLPXP GXUDWLRQ RI IHHGLQJ WLPH UHTXLUHG
GXULQJ SUHGRUPDQF\ WR FDUU\ WKH RUJDQLVP
WKURXJK GRUPDQF\  GHWHUPLQH WKH
HQYLURQPHQWDO UHJXODWRUV RI GRUPDQF\ DQG WKH
KRUPRQDO V\VWHPV WKDW GLUHFW WKH RQVHW DQG
WHUPLQDWLRQ RI GRUPDQF\ DQG  HOXFLGDWH WKH
UHSURGXFWLYH SK\VLRORJ\ SULRU WR DQG DIWHU
GRUPDQF\ )XUWKHU WKHLU DVWRQLVKLQJ DEXQGDQFH
DQG HDVH RI UHDULQJ LQ ODERUDWRU\ FRQGLWLRQV
PDNHV L. tristis DQ H[FHOOHQW PRGHO IRU DGYDQFHG
VWXGLHV RI GRUPDQF\ LQ WURSLFDO LQVHFWV LQFOXGLQJ
WKH PROHFXODU ELRORJ\ DQG LGHQWLILFDWLRQ RI JHQHV
LPSOLFDWHG LQ GRUPDQF\ 'HQOLQJHU 
1HYHUWKHOHVV DEVHQFH RI H[WHUQDOO\ YLVLEOH VH[XDO
GLPRUSKLF FKDUDFWHUV PDNHV VH[ GHWHUPLQDWLRQ RI
DGXOWV D GLIILFXOW WDVN D VLWXDWLRQ FRPPRQ DPRQJ
WHQHEULRQLGV &URZVRQ  $ VDIH DQG HDV\
PHWKRG IRU VH[ GHWHUPLQDWLRQ RI DGXOWV LV QHHGHG
IRUWKHVHVWXGLHV
7KHUH DUH WZR PHWKRGV FRPPRQO\ XVHG IRU VH[
GHWHUPLQDWLRQ RI WHQHEULRQLGV %KDWWDFKDU\D DQG
:DOGEDXHU  /DZUHQFH HW DO  DV ZHOO DV
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D QHZ PHWKRG IRU L. curticollis 7KRPDV DQG
-DFRE  ,Q PDQ\ 7HQHEULRQLGDH WKH DQWHULRU
HGJH RI VWHUQLWHV  DQG  LQ PDOHV DUH ZLWKRXW D
PHGLDQ VWUXW /DZUHQFH HW DO  ,Q IHPDOHV RI
Tenebrio molitor WKHUH LV OLWWOH RU QR VHSDUDWLRQ
EHWZHHQ WKH UG WK DQG WK VWHUQLWHV ZKLOH LQ
PDOHV WKH LQWHUVHJPHQWDO PHPEUDQHV DUH FOHDUO\
YLVLEOH ZLWK D OLJKWHU FRORULQJ 0RUHRYHU WKH WK
YLVLEOH VWHUQLWH LV VOLJKWO\ SRLQWHG LQ WKH IHPDOH
DQG TXLWH URXQG LQ WKH PDOH %KDWWDFKDU\D HW DO
 +RZHYHU WKH WRWDO DEVHQFH RI DOO VXFK
FKDUDFWHUV LQ L. tristis OHDYHV QR VFRSH IRU
HPSOR\LQJ WKHP WR GLIIHUHQWLDWH WKH VH[HV 6L]H
UDQJHV ZLGHO\ RYHUODS LQ PDOH DQG IHPDOHV RI L.
tristis ZKLFK PDNHV JHQGHU EDVHG VL]H YDULDWLRQ
7KRPDVDQG-DFREQRWXVHIXO
:KLOH VHDUFKLQJ IRU DOWHUQDWH PHWKRGV WKH SDUWLDO
H[WUXVLRQ RI JHQLWDOLD E\ VTXHH]LQJ WKH DEGRPHQ
IRU VH[ GHWHUPLQDWLRQ $JHH  LV SRVVLEOH LQ L.
tristis )XUWKHU D SUHYLRXVO\ XQUHFRUGHG VH[XDO
GLPRUSKLF FKDUDFWHU LQ WKH WK VWHUQLWH ZDV
GHWHFWHG ,Q WKH FXUUHQW ZRUN D QHZ PHWKRG
ZKLFK ZH FDOO WKH µVWHUQDO QRWFK PHWKRG¶ LV
GHVFULEHG DQG FRPSDUHG ZLWK RWKHU PHWKRGV IRU
VH[GHWHUPLQDWLRQRI L. tristis.
Materials and Methods
1HZO\ HPHUJHG WHQHUDO DGXOWV RI L. tristis ZHUH
FROOHFWHG IURP D KHDYLO\ LQIHVWHG UXEEHU
SODQWDWLRQ DW 7KDPDUDVVHU\  NP DZD\ IURP
&DOLFXW FLW\ E\ WKH OLWWHU VLIWLQJ PHWKRG LQ WKH ILUVW
ZHHN RI 0DUFK  7HQHUDO DGXOWV FDQ EH HDVLO\
GLVWLQJXLVKHG E\ WKH OLJKW EURZQ FRORXUDWLRQ RI
WKH ERG\ ZKLFK ODVWV IRU ± K DIWHU HFORVLRQ
6DEX HW DO   EHHWOHV ZHUH FROOHFWHG
NHSW LQ IRXU  [  PP ODUJH FOD\ YHVVHOV  [ 
FP KDOI ILOOHG ZLWK VRLO DQG IUHVKO\ IDOOHQ UXEEHU
OLWWHU DQG FRYHUHG ZLWK Q\ORQ QHW )LHOG FROOHFWHG
IDOOHQ OHDYHV RI YDU\LQJ DJHV ZHUH SURYLGHG DV
IRRG $ FLUFOH RI ILOWHU SDSHU PRLVWHQHG ZLWK GURSV
RI GLVWLOOHG ZDWHU ZDV SODFHG LQ D SHWUL GLVK ZKLFK
ZDV NHSW LQ HDFK FOD\ YHVVHO 2QH KXQGUHG EHHWOHV
HDFK ZHUH VH[HG E\ WKH DEGRPHQ VTXHH]LQJ
PHWKRG DQG E\ PDOHIHPDOH VL]H YDULDWLRQ 7ZR
KXQGUHG EHHWOHV ZHUH VH[HG E\ WKH VWHUQDO QRWFK
PHWKRG GHVFULEHG EHORZ 7ZRGD\ ROG EHHWOHV
ZHUHXVHGLQDOOWHVWV
7KH VWHUQDO QRWFK PHWKRG LV EDVHG RQ WKH
REVHUYDWLRQ RI D GLVWLQFW QRWFK LQ WKH WK VWHUQLWH
RI PDOHV WKDW LV DEVHQW LQ IHPDOHV :KHQ VH[HG E\
WKH VWHUQDO QRWFK PHWKRG WKH EHHWOH ZDV KHOG E\
WKH OHIW WKXPE DQG LQGH[ ILQJHU SODFHG RQ WKH
VWDJH RI D VWHUHR ]RRP PLFURVFRSH  ;
PDJQLILFDWLRQ ZLWK WKH YHQWUDO VXUIDFH IDFLQJ XS
DQG ZLWK WKH SRVWHULRU SDUW RI WKH EHHWOH DZD\
IURP WKH ZRUNHU ZKLOH WKH ULJKW KDQG ZDV XVHG WR
RSHUDWH D   ZDWFK PDNHUV IRUFHSV ZLWK EOXQWHG
WLSV &DUH PXVW EH WDNHQ WR LPPRELOL]H WKH KLQG
OHJV RWKHUZLVH WKH EHHWOH PD\ UXSWXUH WKH
GHIHQVLYH JODQG UHVHUYRLUV ZLWK LWV OHJV DQG WKH
RLO\ GHIHQVLYH VHFUHWLRQ ZLOO PDNH LGHQWLILFDWLRQ
GLIILFXOW +ROGLQJ WKH EHHWOHV XVLQJ D VPDOO SLHFH
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ZLWKRXWVHPLFLUFXODUQRWFKLQIHPDOHE
RI ILOWHU SDSHU ZLOO VROYH WKLV SUREOHP EXW WKDW
PD\ VORZ WKH RSHUDWLRQ :KHQ WKH DSH[ RI WKH ODVW
YLVLEOH DEGRPLQDO VWHUQLWH WK ZDV JHQWO\ OLIWHG
ZLWK WKH IRUFHSV WKH HGJHV RI WK VWHUQLWH DQG WKH
ODVW RXWHU WHUJLWH WK EHFDPH YLVLEOH 1RUPDOO\
EHHWOHV H[WUXGHG WKH WLS RI WKH WK VWHUQLWH DORQJ
ZLWK WKH WHUJLWH 5DUHO\ ZKHQ EHHWOH GLG QRW
H[WUXGH WKH VWHUQLWH WKH WLS RI WKH VWHUQLWH ZDV
JHQWO\ SXOOHG RXW XQWLO WKH VWHUQLWH EHFDPH
FRPSOHWHO\ YLVLEOH )LJXUH  &DUH ZDV JLYHQ QRW
WR SUHVV WKH EHHWOH KDUG RU WR SXOO WKH VWHUQLWH RXW
WRR IDU RU WR UXSWXUH WKH GHIHQVLYH JODQG
UHVHUYRLUV %HHWOHV ZLWK DQG ZLWKRXW D QRWFK LQ WKH
RXWHU PDUJLQ RI WKH WK VWHUQLWH ZHUH VHJUHJDWHG
LQWR GHVLJQDWHG YLDOV  [  FP DQG FRYHUHG
ZLWK Q\ORQ QHW  PP PHVK VL]H ZLWK D  FP VOLW
DW WKH FHQWUH 7LPH WDNHQ IRU GLIIHUHQWLDWLQJ WKH
EHHWOHV EDVHG RQ WKH VWHUQDO QRWFK PHWKRG ZDV
DQDO\VHG E\ SURYLGLQJ  EHHWOHV HDFK WR D
SRVWJUDGXDWH VWXGHQW ZLWK QR SUHYLRXV H[SHULHQFH
DQG WR DQ H[SHULHQFHG ODE DVVLVWDQW *HQLWDOLD RI
 VSHFLPHQV VH[HG E\ WKH VWHUQDO QRWFK PHWKRG
ZHUH VTXHH]HG RXW WR YHULI\ WKH DFFXUDF\ RI WKH
PHWKRG 7KH UHVW RI WKH VSHFLPHQV 1  VH[HG
E\ WKH VWHUQDO QRWFK PHWKRG DQG WKRVH VH[HG E\
VTXHH]LQJ WKH DEGRPHQ 1  ZHUH FXOWXUHG LQ
VHSDUDWH FOD\ SRWV WLOO WKH\ HQWHUHG LQ WR GRUPDQF\
IRU RQH PRQWK 0RUWDOLW\ ZDV UHFRUGHG DW ZHHNO\
LQWHUYDOV
2QH KXQGUHG EHHWOHV FRROHG RQ LFH 6DSSLQJWRQ
DQG 6SXUJHRQ  ZHUH PHDVXUHG XQGHU D
VWHUHR ]RRP PLFURVFRSH ZLWK DQ RFXODU
PLFURPHWHU DW  ; PDJQLILFDWLRQ %RG\ OHQJWK
DQG ZLGWK OHQJWK   WLS RI WKH KHDG WR WLS RI WKH
FORVHG HO\WUD ZLGWK   PRVW H[SDQGHG UHJLRQ QHDU
DSH[ RI WKH HO\WUD ZHUH PHDVXUHG 6H[ RI HDFK
EHHWOH ZDV FRQILUPHG E\ VTXHH]LQJ WKH JHQLWDOLD
RXWDIWHUWKHFRPSOHWLRQRIPHDVXUHPHQWV
Statistical analysis
6LJQLILFDQFH OHYHO RI JHQGHU EDVHG ERG\ OHQJWK
YDULDWLRQV ZDV GHWHUPLQHG E\ D WWHVW
*HQGHUEDVHG YDULDWLRQV LQ WKH PRUWDOLW\ RI
VSHFLPHQV VH[HG E\ VTXHH]LQJ WKH DEGRPHQ ZDV
HVWLPDWHG ZLWK D &KLVTXDUH WHVW Ơ    =DU
 *UHWO RSHQ VRXUFH VRIWZDUH IRU :LQGRZV
ZDVXVHGLQVWDWLVWLFDODQDO\VHV
Results and Discussion
7KH QHZ PHWKRGRORJ\ LV EDVHG RQ WKH SUHVHQFH RI
WKH GLVWLQFW DSSHDUDQFH RI WKH RXWHU ERUGHU RI WKH
WK VWHUQLWH RI PDOH DQG IHPDOH L. tristis ,Q PDOHV
WKH WK VWHUQLWH LV VHPLFLUFXODU ZLWK D GLVWLQFW
PHGLDQ VHPLFLUFXODU QRWFK LQ WKH RXWHU ERUGHU
)LJXUH  7KH PDUJLQ RI WKH QRWFK LV VHWDFHRXV
DQG VHWDH DUH ORQJHU DW LWV DQJOHV ZKHUH WKH RXWHU
ERUGHU RI WKH VWHUQLWH FRQWLQXHV 7KH WK VWHUQLWH
LQ IHPDOHV LV UHFWDQJXODU DQG ODUJHU ZLWKRXW WKH
SRVWHULRUPHGLDQ VHPLFLUFXODU QRWFK DQG ZLWK
LQGLVWLQFWRXWHUDQJOHV
$Q H[SHULHQFHG SHUVRQ FRXOG VRUW  EHHWOHV LQ
KDOI DQ KRXU ZKLOH IRU WKH QRYLFH  KRXUV ZHUH
QHHGHG 7KH PRVW FRPPRQ SUREOHP ZKLOH
OHDUQLQJ WKH VWHUQDO QRWFK PHWKRG ZDV WKDW
H[FHVVLYH SXOOLQJ GDPDJHV WKH VWHUQLWH
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DQDO\VLV'LIIHUHQFHVLQPHDQFRQILGHQFHLQWHUYDO&,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VH[HVDUHVKRZQ
*HQGHUEDVHG GLIIHUHQFH LQ ERG\ OHQJWK ZDV
VLJQLILFDQW GI    W   ï P    ZLWK
IHPDOHV EHLQJ ODUJHU WKDQ PDOHV %XW WKH SUHVHQFH
RI ODUJHU PDOHV ! PP DQG VPDOOHU IHPDOHV 
PP LQ WKH SRSXODWLRQ )LJXUH  PDNHV LW DQ
XQUHOLDEOH PHWKRG :LWK EURDG RYHUODSSLQJ RI
UDQJHV ± PP  PDOHV DQG 
IHPDOHV RQH LV QRW VXUH ZKHWKHU VH[LQJ ZDV
FRUUHFW ZKLFK PD\ QHFHVVLWDWH UHVH[LQJ E\ DQ
DOWHUQDWH FULWHULD UHTXLULQJ DGGLWLRQDO WLPH DQG
ODERU
$OO EHHWOHV VH[HG E\ WKH µVWHUQDO QRWFK PHWKRG¶
VXUYLYHG 9HULILFDWLRQ RI WKH PHWKRG E\
REVHUYDWLRQ RI WKH JHQLWDOLD SURYHG WKDW WKH
PHWKRG ZDV  DFFXUDWH ,Q FRQWUDVW  RI
WKH EHHWOHV VH[HG E\ VTXHH]LQJ WKH DEGRPHQ GLHG
ZLWK LQ ± ZHHNV 9DULDWLRQ LQ PRUWDOLW\ EHWZHHQ
VH[HV ZDV VLJQLILFDQW Ƶ    P    ZLWK
KLJKHU PRUWDOLW\ LQ PDOHV  WKDQ LQ IHPDOHV
 7KH KLJKHU PRUWDOLW\ LQ PDOHV LV OLNHO\
GXH WR PHFKDQLFDO GDPDJH DULVLQJ IURP WKH
VTXHH]LQJ RXW RI JHQHWDOLD DV SDUWLDOO\ H[WUXGHG
JHQLWDOLD RI  RI PDOH L. tristis ZHUH QRW IXOO\
ZLWKGUDZQ ,Q PRVW FDVHV  WKH ILUVW
DEGRPLQDO YHQWUDO VHJPHQW ZDV VHSDUDWHG IURP
WKH PHWDWKURD[ 2XU UHVXOWV DUH LQ FRQIRUPLW\
ZLWK WKH REVHUYDWLRQV RI 6DSSLQJWRQ DQG
6SXUJHRQ  WKDW VTXHH]LQJ RXW WKH JHQHWDOLD
RI EROO ZHHYLOV LV XVHIXO IRU VH[ GHWHUPLQDWLRQ RQO\
ZKHQFXOWXULQJRIOLYHVSHFLPHQVLVQRWUHTXLUHG
7KHVH UHVXOWV VKRZ WKDW VTXHH]LQJ RXW WKH
JHQHWDOLD DQG JHQGHU EDVHG VL]H GLIIHUHQFHV DUH
QRW XVHIXO PHWKRGV IRU VH[ GHWHUPLQDWLRQ RI L.
tristis ZKHQ FXOWXULQJ RI OLYH VSHFLPHQV LV
UHTXLUHG 7KH VWHUQDO QRWFK PHWKRG ZDV IRXQG WR
EH D KDUPOHVV TXLFN DQG DFFXUDWH PHWKRG IRU
VH[LQJ DGXOW L. tristis EHHWOHV ,W LV SRVVLEOH WKDW
WKLV FKDUDFWHU ZRXOG EH XVHIXO IRU VH[LQJ RWKHU
VSHFLHV RI Luprops DQG JHQHUD RI WKH WULEH
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